
(12) United States Patent (10) Patent N0.: US 7,181,121 B2 
Kuramoto et a]. (45) Date of Patent: Feb. 20, 2007 

(54) OPTICAL DEVICE AND METHOD FOR 5,949,934 A * 9/1999 Shima et al. ............... .. 385/37 

MANUFACTURING THE SAME 2003/0061836 A1 4/2003 Higuchi et al. 

(75) Inventors: Keiichi Kuramoto, Kadoma (JP); 
Youhei NakagaWa, Hirakata (JP); FOREIGN PATENT DOCUMENTS 
Mitsuaki Matsumoto, Osaka (JP); 
Hiroaki Izu, Hirakata (JP); Hitoshi JP 2431202 5/1990 
Hirano, Nishinomiya (JP); Nobuhiko JP 23431202 5/1990 
Hayashi Osaka (JP) JP 9-145943 6/1997 

’ JP 2001-235646 A 8/2001 

(73) Assignee: Sanyo Electric Co., Ltd., Osaka (JP) JP 2002350661 A 10/2002 
JP 2003-l7284l A 6/2003 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. OTHER PUBLICATIONS 

_ Japanese Of?ce Action issued in corresponding Japanese Patent 
(21) Appl' NO" 10/850’463 Application No. JP 2004-144185, dated Aug. 22, 2006. 

~ _ T. Takahashi et a1. “Fabrication of Replicated Polymer Optical 
(22) F?ed' May 21’ 2004 Waveguides”, Technical Report of the Institute of Electronics, 

(65) Prior Publication Data 525011312?(glQflIéCééSOmmunlCatlOn Engineers, Oct. 4, 2002, 29-33, 

US 2005/0008317 A1 Jan. 13, 2005 . . 
* c1ted by exammer 

(30) Foreign Application Priority Data Primary Examinerilennifer Dean 
May 23, 2003 (JP) ........................... .. 2003-146107 (7041100182 Agem, 0r FirmiMcDermo? Will & Emery 
May 13, 2004 (JP) ........................... .. 2004-144185 LLP 

(51) Int. Cl. (57) ABSTRACT 
G02B 6/10 (2006.01) 

(52) US. Cl. ....... ...... 385/132; 385/129; 385/130 An Optical device includes a substrate’ a Core provided on 
(58) Field of Classi?cation Search .............. .. 385/129, the Substrate, a ?rst Clad and a Second Clad formed around 

_ _ 38_5/130’ 132 the core. The optical device further includes a light absorber 
See apphcanon ?le for Complete Search hlstory' layer, provided on the substrate, Which absorbs light leaked 

(56) References Cited from the core. The light absorber layer is formed of, for 
instance, the same material as that constituting the core. 

U.S. PATENT DOCUMENTS 

5,872,883 A 2/1999 Ohba et al 15 Claims, 15 Drawing Sheets 

26 
I I 

15 26 26 15 26 
l l 

5‘. 
18 

~16 

14 

H1 "1 H‘ 18 

"\1 2 

“*21 
Hi > Hz 



U.S. Patent Feb. 20, 2007 Sheet 1 or 15 US 7,181,121 B2 

F|Gl1A 

RELATED ART 
F|G'1 B 

1 22 

../’ 

.\ 
1 1 2 

RELATED ART 
HG.1 C 

LIGHT LEAKED 
RES|DUAL 

1 1 4 coRE LAYER 

120 
RELATED ART 



U.S. Patent Feb. 20, 2007 Sheet 2 or 15 US 7,181,121 B2 

FIG.2B 

18 



U.S. Patent Feb. 20, 2007 Sheet 3 0f 15 US 7,181,121 B2 



U.S. Patent Feb. 20, 2007 Sheet 4 or 15 US 7,181,121 B2 

FIG.4B 

10x / W 

V 

/w M/@ 2 w? 
12, , , E F 4. 4. B E F F 



U.S. Patent Feb. 20, 2007 Sheet 5 0f 15 US 7,181,121 B2 

F|G.5C 22 



U.S. Patent Feb. 20, 2007 

FIG.6C 

Sheet 6 0f 15 US 7,181,121 B2 

“112a 

/\—12a 
~21 

ML” 
12~/~ 

~21 

’ j (4 (14pm 

} ~21 
12 

18 14 

‘a $23 
e7) 1km 12 21 

18 18 

j ~21 
12 



U.S. Patent Feb. 20, 2007 Sheet 7 0f 15 US 7,181,121 B2 

F |G.7A 

2'6 2‘5 26 26 2'5 2'6 1 \ 

L 44 

1s 1s 

"\12 

J 21 
14 lg 

FIG.7B 

26 1'5 2626 15 26 
I 1 I l 

14 Hi>HZ 



U.S. Patent Feb. 20, 2007 

// /// /// “4 4a 

FIG.8E 

FIG.8F 

Sheet 8 0f 15 US 7,181,121 B2 

\~16a 
\/20 

N23 
\f16a 
\—20 



U.S. Patent Feb. 20, 2007 Sheet 9 0f 15 US 7,181,121 B2 

FIG.9A 

WM 32 

F|G.9B 

,w 24 

32 

FIG.9C 
24 



U.S. Patent Feb. 20, 2007 Sheet 10 0f 15 US 7,181,121 B2 

FIG. 1 0A /»12a 
7 M21 

FIG. 1 DB M22 l M 
’>12a 
~21 

FIG. 1 0C Mp3 
12» 

~21 

F|G.1OD 13 %28 
a 

6 6 
1 1 I'i"= @127 

12g?’ R1311 
~21 

FIG . 1 OE 
I I @23 
a w w m ‘3, 

@j 1% 
12 21 

FIG.1OF 



U.S. Patent Feb. 20, 2007 Sheet 11 0f 15 US 7,181,121 B2 

FIG.11A 

POSITION 



U.S. Patent Feb. 20, 2007 Sheet 12 0f 15 US 7,181,121 B2 

FIG. 1 2 

A 

OOPUTTIPGUATL PROPAGAT ION 
POWER SIGNAL 

: I NOISE 
E mR?EEER 5 ¢ COMPONENT 
I ‘—_> | ’ 

POSITION 

FIG. 1 3 







U.S. Patent Feb. 20, 2007 Sheet 15 or 15 US 7,181,121 B2 

FIG.16A lb N306 

f304a 
"p302 
p300 

\iaos 
f304a 
“>302 
@300 

F|G.16D 316 



US 7,181,121 B2 
1 

OPTICAL DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

The priority Japanese Patent Application No. 2003 
146107 upon which this patent application is based is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to optical devices and a 

method for manufacturing the optical devices. 
2. Description of the Related Art 
Along with advances in information communication net 

working in recent years, technologies for transmitting sig 
nals through the medium of light are being developed to 
realiZe higher-speed transmission of signals. One of the 
well-known technologies for signal transmission by light is 
a variety of optical transmission systems using optical 
waveguides as transmission lines. 

For example, patent-related Reference (1) in the follow 
ing Related Art List discloses a technology whereby an 
organic polymer material, which will form a core, is ?lled in 
a pattern by using a stamper (forming die) where the pattern 
corresponding to an optical waveguide is provided in the 
recessed shape, and then the organic polymer material is 
hardened under the in?uence of external energy such that the 
optical waveguide is formed projecting from a substrate 
surface. FIGS. 1A to 1C illustrate a manufacturing process 
of an optical waveguide using a stamper. As illustrated in 
FIG. 1A, a lower clad 112 is formed on a substrate 120 and 
then core solution 114a, which will constitute a core, is 
applied thereon. Then, as illustrated in FIG. 1B, a stamper 
122 formed with a groove or recess which corresponds in 
form to an optical waveguide, is pressed against the core 
solution 114a, and in this condition, the core solution 11411 
is hardened by irradiating it with ultraviolet rays. In this 
manner, a core 114 is formed as illustrated in FIG. 1C. 

Patent-related Reference (2) in the following Related Art 
List discloses a technology whereby an optical waveguide at 
a bent portion thereof, which connects in a curve two points 
whose optical axes of incoming and outgoing light are not 
aligned with each other, is divided into a plurality of narrow 
optical waveguides by clad portions provided inside the core 
at the bent portion. This structure can reduce optical loss, 
which may otherwise result from light leakage from the 
optical waveguide at the bent portion. 

3. Related Art List 
(1) Japanese Patent Application Laid-Open No. Hei02 

131202. 
(2) Japanese Patent Application Laid-Open No. Hei09 

145943. 
However, according to the method described in the above 

patent-related Reference (1), core solution 11411 is left over 
between a lower clad 112 and a stamper 122 when the 
stamper 122 is pressed against the core solution 114a, as 
shown in FIG. 1B. And if the core solution 11411 is hardened 
in such a condition, a residual core layer will be formed on 
the lower clad 112 as shown in FIG. 1C. Furthermore, if the 
residual core layer is thick, some of light, as it travels 
through the core 114, will leak therefrom into the residual 
core layer, thus causing an optical loss. And if the optical 
loss is large, then the function of the optical waveguide will 
degrade. 
An optical waveguide may be so designed that the core is 

bent or branched so as to propagate or branch light in a 
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2 
desired direction or directions. In such a case, however, light 
may leak from the core into the clad at a curved or branched 
point. And the leak of light into the clad creates a problem 
of increased optical loss. Moreover, the light leaking into the 
clad may enter a light receiving element, thus causing a drop 
in communication quality. Further, the light that has leaked 
into the clad may return to the core to produce interference 
with optical signals coming through the core, thereby cre 
ating a problem of added noise. 
The technology introduced in the above patent-related 

Reference (2) has an objective of reducing such leakage of 
light from the core. However, the structure achieved by the 
method disclosed in Reference (2) is such that the core is 
branched into a plurality of cores at the bend and the 
branched cores are again joined into a single core. At the 
meeting point, therefore, lights having passed through dif 
ferent optical path lengths are brought together, which may 
produce interference and other problems. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
foregoing circumstances and an object thereof is to provide 
an optical device that can not only reduce the leakage of 
propagated light from a core but also reduce the amount of 
noise and a method of production thereof. 

According to the present invention, there is provided an 
optical device having a core and a clad formed around the 
core, the clad including: a ?rst clad having a recess in a ?at 
area; and a second clad formed on the ?rst clad, and the core 
being formed so as to ?ll in the recess of the ?rst clad and 
being structured such that, in a cross section substantially 
perpendicular to a light propagation direction, narrowed 
portions are narrowly formed near the ?at area of the ?rst 
clad. The optical device may be formed on a substrate such 
as glass. Moreover, the core may be formed in a curved 
shape such that a top surface thereof is dented below the 
height of the ?at area in the ?rst clad. Here, the narrowed 
portion is an area where the thickness of a residual core layer 
or a core is reduced in the vicinity of the boundary between 
the residual core layer on a ?at area of the clad and the core. 
By implementing the above structures, the leakage of 

light from the core is suppressed, so that the optical loss 
otherwise caused thereby can be reduced. Furthermore, the 
light is not leaked into the residual core layer from the core 
even if a residual core is present between the ?at area of the 
?rst clad and the second clad. Thus, the optical loss can be 
reduced. 
The optical device according to the present invention may 

further include a light absorbing area, provided on the same 
plane as the core, which absorbs light leaked from the core. 

Here, the light absorbing area is an area which can absorb 
the leaked light so that the light leaked into the clad from the 
core does not return to the core again. The light absorbing 
area may be made of any material which can absorb such 
leaked light. The light absorbing area may be formed of 
material, for example, whose refractive index is higher than 
that of material constituting the clad. Moreover, the light 
absorbing area may be formed of the same material as that 
constituting the core. Moreover, the light absorbing area 
may be formed of material where an oxide such as silica 
(SiO2) or a suspended matter such as carbon powder is 
added and suspended with the material constituting the clad. 
By implementing the above structures and material, noise 

generated and caused in a case when the light leaked into the 
clad returns to the core again or enters into a light receiving 
element can be suppressed. 
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Moreover, the light absorbing area may be formed sepa 
rately from the core. Here, “separately” means that the light 
absorbing area may be formed separately from the core to a 
degree that the optical loss of the light propagated through 
the core can be ignored. If there is a residual core layer 
betWeen the core and the light absorbing area, the thickness 
of the residual core layer may be 4 um or beloW, or more 
preferably, 2 pm or beloW. It is to be noted that the core may 
be structured in such a manner that it is separated from the 
residual core layer. By implementing such a structure, the 
light Will not be leaked into the residual core layer from the 
core, thus reducing the optical loss. 

In an optical device according to the present invention, the 
light absorbing area may be provided at both sides of a core 
along the light propagation direction in the core. By imple 
menting such a structure, the light once leaked from the core 
can be effectively prevented from returning to the core 
again. 

In an optical device according to the present invention, the 
clad may include a ?rst clad formed on an entire surface of 
the substrate and a second clad formed on the ?rst clad. A 
core may be formed on the ?rst clad, and the second clad, 
formed on the ?rst clad, may be formed around the core. A 
light absorbing area, formed on the ?rst clad, may be formed 
over an entire surface of the substrate other than an area in 
Which the core and the second clad are provided. By such a 
structure, the light leaked from the core can be absorbed 
effectively by the light absorbing area. Thus, the interference 
of light to be caused When the light leaked from the core 
returns thereto can be reduced. 

In an optical device according to the present invention, the 
core may have a bent portion and/or branched portions 
relative to an axis of incident light, and the light absorbing 
area may be provided in the vicinity of the bent portion 
and/ or branched portions. In such a bent portion or branched 
portions, the problem that the light is leaked from the clad 
to the core is most likely to occur. By implementing the 
structure such that the light absorbing area is provided in the 
vicinity of the bent portion or branched portions, the light 
leaked from the core can be effectively absorbed in the bent 
portion or branched portions. Thus, the interference of light 
to be caused When the light leaked from the core returns 
thereto can be reduced. The light absorbing area may be 
provided on an axis approximately identical to an axis of 
incident light. Thus, the light leaked from the bent portion or 
branched portions can be ef?ciently absorbed. 

In an optical device according to the present invention, 
one of the light absorbing area and the clad may be formed 
of material containing a carbonyl group, and the other 
thereof may be formed of material containing a hydroxyl 
group. Thereby, hydrogen bonds are formed betWeen the 
light absorbing area and the clad, and the adhesion therebe 
tWeen can be improved. 

According to the present invention there is provided a 
method for manufacturing an optical device, the method 
including: ?lling, by applying core solution on a clad Where 
a ?rst recess is formed on a ?at area of a surface thereof, the 
?rst recess With the core solution; removing the core solu 
tion applied on the surface of the clad by pressing a forming 
die against the clad; and forming a core, having narroWed 
portions formed narroWly in the vicinity of the ?at area, in 
the ?rst recess by hardening the core solution in a state 
Where the forming die is being pressed against the clad. With 
this method, the light is not leaked into a residual core layer 
from the core even if the residual core layer is present in the 
?at area of the clad. Thus, the optical loss can be reduced 
and, moreover, the optical devices can be manufactured 
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4 
Without dif?culty. This method may further include forming 
a second clad by applying clad solution on at least the core 
and hardening the clad solution. Moreover, the core may be 
formed of material Who se refractive index is higher than that 
of air, so that the optical device can be made to function With 
the air serving as the clad and Without ever forming the clad. 
After completing the production of the optical device, the 
substrate may be removed. 

In the above-described method for manufacturing an 
optical device, the clad may further include a second recess, 
the ?lling the ?rst recess With the core solution may further 
include ?lling the second recess With the core solution, and 
the forming core may further include forming a light absorb 
ing area in the second recess. By implementing the structure 
realiZed by this method, the light absorbing area Which can 
effectively absorb the light leaked from the core can be 
easily formed, so that noise generated and caused in a case 
When the light leaked into the clad returns to the core again 
or enters into a light receiving element can be suppressed. 

It is to be noted here that the ?rst clad is not limited to the 
one formed integrally by the same material and that the ?rst 
clad may be formed by a plurality of materials as long as 
such materials have a capability of con?ning the light Within 
the core. In the ?rst clad, a second recess may be so 
structured as to be open at both sides thereof. This structure 
alloWs the core solution present at the contact area betWeen 
the ?rst clad and a ?at plate to escape from the second recess 
When the ?at plate is pressed against the ?rst clad, thus 
preventing a residual core layer from being formed on the 
surface of the ?rst clad. 

According to the present invention, there is provided 
another method for manufacturing an optical device, the 
method including: applying core solution on a surface of a 
clad; removing the core solution applied on a ?at area by 
pressing a forming against the clad, the forming die being 
such that a ?rst recess is formed in the ?at area of a surface 
thereof and a pair of projections is formed in the vicinity of 
both sides of the ?rst recess; and forming a core, having 
narroWed portions formed in the vicinity of the projections, 
in the ?rst recess by hardening the core solution in a state 
Where the forming die is being pressed against the clad. In 
the method for manufacturing an optical device according to 
the present invention, the forming die may further include a 
second recess and the forming core may further include 
forming a light absorbing area in the second recess. This 
method may further include applying clad solution on at 
least the core and forming a second clad by hardening the 
clad solution. Moreover, by constituting the core by a 
material Whose refractive index is higher than that of air, an 
optical device Where the air functions as a clad can be 
provided Without forming the second clad. 

In a method for manufacturing an optical device accord 
ing to the present invention, a forming die may be formed of 
an elastic material Whose durometer hardness A is 85 or 
beloW. The use of such a material makes it possible for the 
shape of core or light absorbing area to be changed as 
appropriate. Thus, even if there is small unevenness in the 
contact surface betWeen the ?rst clad and the forming die, 
the forming die changes its form according to the uneven 
ness. As a result, the forming die can be closely adhered to 
the ?rst clad, and the core solution present in the contact area 
betWeen the ?rst clad and the forming die can be ef?ciently 
ejected outside. Moreover, the use of such a material also 
makes it possible to form the above-described narroWed 
portions on the core or the core and light absorbing area. The 
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narrowed portions can also be formed by appropriately 
adjusting a pressure at Which the forming die is pressed 
against the ?rst clad. 

Still another manufacturing method according to the 
present invention may include: applying ?rst clad solution 
on a substrate; pressing a forming die having a molding 
surface With a ?rst projection against the ?rst clad solution; 
and forming a ?rst clad provided With a ?rst recess to Which 
the molding surface is transcribed, by hardening the ?rst 
clad solution in a state Where the forming die is being 
pressed against the ?rst clad solution. Moreover, still another 
manufacturing method according to the present invention 
may include: applying ?rst clad solution on a substrate; 
pressing a forming die having a molding surface With a ?rst 
projection and a second projection against the ?rst clad 
solution; and forming a ?rst clad provided With a ?rst recess 
and a second recess to Which the molding surface are 
transcribed, by hardening the ?rst clad solution in a state 
Where the forming die is being pressed against the ?rst clad 
solution. Here, the forming die may be formed of an elastic 
material Whose durometer hardness is 85 or beloW. 

The core solution and clad solution may be hardened by 
irradiating them With light such as ultraviolet rays, for 
example. They may also be heat-cured, or the light curing 
may be used together With the heat curing. 

The above-described optical devices may be applied to 
and utiliZed in optical beam splitters, optical transceiver 
modules and so forth. 

In the present invention the core, the clad and the light 
absorbing area may be formed of an organic material or an 
organic-inorganic composite material. 

The organic-inorganic composite material may contain at 
leas one type of metal alkoxide. The organic-inorganic 
composite material may further contain an organic polymer. 

The metal alkoxide usable in this invention is generally 
What is expressed by M(OR)n (M: a metal, R: an alkyl group, 
n: 2, 3, 4 or 5), R'M(OR)n_l (M: a metal, R: an alkyl group, 
R': an organic group, n: 2, 3, 4 or 5), or R'2M(OR)n_2 (M: a 
metal, R: an alkyl group, R': an organic group, n: 2, 3, 4 or 
5). The metal alkoxide may also contain organoalkoxysilane 
and What is called a silane coupling agent. 

Si, Ti, Zr, Al, Sn, Zn or the like are preferably used as the 
metal (M). For example, When the metal (M) is a tetravalent 
metal, a metal alkoxide expressed as M(OR)4, R'M(OR)3 or 
R'2M(OR)2 may be used. 
An alkyl group Whose carbon number is 1 to 5 may be 

used as the alkyl group (R). 
The organic group (R') Which usable herein is, for 

instance, an alkyl group, an aryl-containing group, an acry 
loxy-containing group, an methacryloxy-containing group, a 
styryl-containing group, an epoxy-containing group or the 
like. 

The metal alkoxide to be used preferably is alkoxysilane, 
titanium alkoxide or Zirconium alkoxide or niobium alkox 
ide, of Which alkoxysilane is used most preferably. 

The alkoxysilane usable herein includes tetraethoxysi 
lane, tetramethoxysilane, tetra-n-propoxysilane, tetraisopro 
poxysilane, tetra-n-butoxysilane, tetraisobutoxysilane, phe 
nyltriethoxysilane, phenyltrimethoxysilane, 
diphenyldiethoxysilane, diphenyldimethoxysilane, 3-meth 
acryloxypropyltriethoxysilane, 3-methacryloxypropyltri 
methoxysilane, 3-methacryloxypropylmeth 
yldimethoxysilane, 3-acryloxypropyltrimethoxysilane, or 
the like. 

The titanium alkoxide usable may be titanium isopro 
poxide, titanium butoxide or the like. 
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6 
The Zirconium alkoxide usable may be Zirconium isopro 

poxide, Zirconium butoxide or the like. The niobium alkox 
ide useable may be pentaethoxyniobium or the like. 

As the organic polymer, any organic polymer can be used 
so long as it, together With a metal alkoxide, can form an 
organic-inorganic composite material. Such an organic poly 
mer, for instance, may be a high polymer having a carbonyl 
group, a high polymer having a benZene ring or a high 
polymer having a naphthalene ring. Concrete examples of 
the organic polymer may include polyvinyl pyrrolidone, 
polycarbonate, polymethylmethacrylate, polyamide, poly 
imide, polystyrene, polyethylene, polypropylene, epoxy 
resin, phenol resin, acrylic resin, urea resin and melamine 
resin. In order to form an organic-inorganic composite 
material Which excels in optical transparency, hoWever, 
polyvinyl pyrrolidone, polycarbonate, polymethylmethacry 
late, polystyrene or their mixture is preferably used as the 
organic polymer. 

In addition, a hydrolytic polycondensate of 3-methacry 
loxypropyltriethoxysilane, a hydrolytic polycondensate of 
3-methacryloxypropyltrimethoxysilane, a hydrolytic poly 
condensate of p-styryltriethoxysilane, a hydrolytic polycon 
densate of diphenyldimethoxysilane, or a hydrolytic poly 
condensate of diphenyldiethoxysilane and a hydrolytic 
polycondensate of p-styriltrimethoxysilane is also prefer 
ably used as the organic polymer. When the above-men 
tioned organic-inorganic composite material is to be pre 
pared by the sol-gel method using an organic polymer as 
cited above, alcohol, such as methanol, ethanol, isopropanol 
or butanol, may be used as the solvent. 

On the other hand, When a resin, such as polymethyl 
methacrylate, polystyrene or polyvinyl naphthalene, is used 
as the organic polymer, a solvent, such as N-methyl-2 
pyrroridone or dimethyl formamide, may be used. More 
over, in order to reduce the light propagation loss an additive 
agent may be added at the time of synthesiZing the materials. 
More speci?cally, any of a variety of organic acid anhy 
drides, such as tri?uoroacetic acid, Which remove the Water 
content by reacting With the Water content in the material 
may be added. Moreover, a metal alkoxide, such as trim 
ethylethoxysilane or trimethylmethoxysilane, Which can 
have a polycondendsation With a silanol group generated 
during the synthesiZing of materials and Which has a hydro 
lyZable group may be added 

Further, the core may be formed of any of a variety of 
UV-cured resins. Such a UV-cured resin to be used here is, 
for instance, an epoxy UV-cured resin Whose principal 
component is epoxy resin, an acrylic UV-cured resin, an 
epoxy acrylate UV-cured resin or a polyurethane UV-cured 
resin. 

The elastic material may be made of a polysiloxane type. 
Such a material to be used is silicone rubber, for instance. As 
a result, the shape is further easily deformable and the 
detachability or ?ssility is improved. 

It is to be noted herein that any arbitrary combination of 
the above-described structural components and expressions 
changed betWeen a method, an apparatus, a system, a 
computer program and so forth are all effective as and 
encompassed by the present embodiments. 

Moreover, this summary of the invention does not nec 
essarily describe all necessary features so that the invention 
may also be sub-combination of these described features. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1C are process drawings showing a fabrica 
tion procedure for an optical Waveguide using a stamper 
according to the conventional practice. 

FIGS. 2A and 2B are each a cross-sectional vieW of a 
structure of an optical device according to an embodiment of 
the present invention. 

FIGS. 3A and 3B are each a top vieW shoWing a structure 
of a ?rst clad, a core and a light absorber layer. 

FIGS. 4A to 4G are process draWings shoWing a fabrica 
tion procedure for an optical device shoWn in FIG. 2A. 

FIGS. 5A to 5D are process draWings shoWing a produc 
tion procedure of a projecting stamper. 

FIGS. 6A to 6G are process draWings shoWing another 
example of fabrication procedure for an optical device 
shoWn in FIG. 2A. 

FIGS. 7A and 7B each shoW in detail an optical device 
With a narroWed portion formed therefor. 

FIGS. 8A to 8G are process draWings shoWing another 
example of fabrication procedure for an optical device 
shoWn in FIG. 2B. 

FIGS. 9A to 9C are process draWings shoWing a produc 
tion procedure for a recessed stamper. 

FIGS. 10A to 10F are process draWings shoWing a fab 
rication procedure for an optical device Where a light 
absorber layer is formed by material different from material 
that constitutes a core. 

FIGS. 11A and 11B are each a top vieW of an optical 
devices produced according to an embodiment. 

FIG. 12 schematically shoWs a relationship betWeen opti 
cal output poWer and position at the exiting end of an optical 
device. 

FIG. 13 illustrates an example Where there exists a 
residual core layer betWeen a ?rst clad and a second clad. 

FIGS. 14A to 14G are process draWings shoWing another 
example of fabrication procedure for an optical device. 

FIGS. 15A to 15D are process draWings shoWing a 
method of forming a core provided With narroWed portions. 

FIGS. 16A to 16D are process draWings shoWing still 
another example of fabrication procedure for an optical 
device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention Will noW be described based on generic and 
preferred embodiments Which do not intend to limit the 
scope of the present invention but exemplify the invention. 
All of the features and the combinations thereof described in 
the embodiment are not necessarily essential to the inven 
tion. 

Generic Embodiments 
The optical device according to the present invention may 

preferably be used for optical propagation path structures, 
such as optical Waveguides or optical ?bers, and optical 
communication devices using such structures, Which may 
include optical beam splitters, optical transceiver modules, 
optical couplers, optical connectors, optical sWitches, vari 
able optical attenuators (VOA), optical circulators, optical 
isolators, optical modulators, optical ampli?ers, Wavelength 
?lters, multi/demultiplexers, Wavelength splitters, interleav 
ers, and dispersion compensators. Furthermore, the optical 
device according to the present invention may be put to use 
With or applied to electrical Wiring boards, machine parts 
material, re?ection preventing ?lms, surface protection ?lm 
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8 
and various other coating materials, eyeglasses, optical 
lenses (aspherical lenses included), optical ?lters including 
those for DWDM (Dense Wavelength Division Multiplex 
ing), diffraction gratings, light guiding plates, interferom 
eters, optical couplers, optical multi/demultiplexers, optical 
sensors, hologram optical elements, other optical parts mate 
rial, photovoltaic elements, contact lenses, arti?cial tissues 
for medical use and so forth. 

FIGS. 2A and 2B are each a cross-sectional vieW of a 
structure of an optical device to according to an embodiment 
of the present invention. 
The optical device 10 includes a ?rst clad 12, a core 14, 

a second clad 16, a light absorber layer 18, a substrate 20 and 
a substrate 21. 

The substrate 20 and the substrate 21 are formed, for 
instance, of glass, silicon, ceramics, organic-inorganic com 
posite material or resin. It is to be noted that the substrates 
20 and 21 are not alWays necessary and they can even be 
removed after the fabrication of the optical device. 
The ?rst clad 12, the second clad 16 and the light absorber 

layer 18 may be formed of an organic material or an 
organic-inorganic composite material as mentioned above. 
The organic-inorganic composite material may contain a 
metal alkoxide and an organic polymer. In such an organic 
inorganic composite material, the refractive index thereof 
may be suitably set by adjusting, as appropriate, the mixing 
ratio of the metal alkoxide and the organic polymer. Use of 
an organic-inorganic composite material for the ?rst clad 12, 
the second clad 16 and the light absorber layer 18 results in 
the inclusion of a carbonyl group or a hydroxyl group of a 
metal alkoxide in each of the layers. And this contributes to 
the formation of hydrogen bonds at the interface betWeen the 
layers, so that the adhesion therebetWeen can also be 
improved. In FIG. 2A and FIG. 2B, the ?rst clad 12, the 
second clad 16, the core 14 and the light absorber layer 18 
are so con?gured as to be on the substrate 20 or the substrate 
21, but the substrate 20 or the substrate 21 may be removed 
after the formation of these layers. Thereby, the optical 
device 10 may be constituted With a degree of ?exibility. An 
optical device provided With this kind of ?exibility may be 
desirably used as optical Wiring material such as one for 
connecting optical boards. 

FIGS. 3A and 3B are each a top vieW shoWing a structure 
of a ?rst clad 12, a core 14 and a light absorber layer 18. 
Here a description is given of a case Where the core 14 is 
structured in a Y-shaped branch form. The ?rst clad 12 is 
formed around the core 14. 
As shoWn in FIG. 3A, the light absorber layer 18 is 

formed over the ?rst clad 12 in such a Way as to cover the 
entire area other than the ?rst clad 12 formed around the core 
14. This structure can make it possible for the light absorber 
layer to effectively absorb light leaked from the core 14 and 
thus can reduce the interference of light to be caused When 
the light leaked from the core 14 returns thereto after 
propagating through the ?rst clad 12. As a result, noise can 
be reduced. 
As illustrated in FIG. 3B, the light absorber layer 18 may 

be formed in stripes in the vicinity of the core 14. This 
arrangement makes it possible for the light absorber layer 18 
to absorb light leaked from the core 14 and thus reduces the 
interference of light by the leaked light returning to the core 
14. NoW if the core 14 has a bent portion relative to the axis 
of incident light, then it is preferable that the light absorber 
layer 18 be provided substantially on the same axis as the 
axis of incident light. By this arrangement, the light absorber 
layer 18 can absorb light leaked from the bent portion, thus 
e?fectively reducing the interference due to the thus leaked 
















